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© Fibre reinforced thermoplastic sheet 

© A glass mat reinforced thermoplastic semi-fin- 
ished sheet material comprising thermoplastic resin 
and at least two needled continuous and/or chopped 
glass fibre strand mats is disclosed as well as a 
method for its manufacturing and its use. Each of 
said glass mats is needled from the two sides in an 
asymmetrical way t so that the number of fibre ends 
protruding from the two major mat surfaces are 
practically the same, but the length of said fibre 
ends protruding from the first major surface is sub- 
stantially longer than the length of the fibre ends 
protruding from the second opposite major surface. 
Said glass mats are impregnated with thermoplastic 
resin, having either their first major surfaces directed 
JO towards the outside surface of said thermoplastic 
sheet, for maximum mouldabiiity, or having their 
CO second major surfaces directed towards the outside 
surface of said thermoplastic sheet, for maximum 
surface quality of the moulded part 
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The invention relates to fibre reinforced sheet 
thermoplastic composites, in particular to glass mat 
reinforced thermoplastic semi-finished sheet ma- 
terial (GMT). These thermoplastic composite ma- 
terials are increasingly replacing steel and ther- s 
moset resin based composites in a wide range of 
applications, such as automotive parts. Typical ex- 
amples are noise shields, battery trays, seat struc- 
tures, bumper beams, dashboard supports and 
front end panels. io 

Processing of the semi-finished sheet material 
to finished parts is done by hot flow moulding 
("stamping") whereby the materia) is first subjected 
to heat and then to pressure. Pre-cut blanks are 
generally pre-heated to well above the melting 75 
point of the thermoplastic resin. Shaping is done in 
a cold mould using a fast closing press in order to 
press the material into the extremities of the mould 
cavity. 

Complex shapes, including deep thin ribs, un- 20 
dercuts etc. can be realized, but require a good 
balance between the mobility of the glass mat and 
the flowability of the thermoplastic resin. 

Glass mats are typically prepared by mechani- 
cal bonding of endless and/or chopped glass fibre 25 
strands in a needling machine, but staple fibres 
can also be used. Needling comprises puncturing 
the continuous and/or chopped glass fibre strands 
with a large number of barbed needles in order to 
mechanically bond the glass fibre strands and 30 
bring about a certain level of integrity, which allows 
the glass , mats to be handled for further process- 
ing. At the same time, the glass fibre strand will be 
partly split into single filaments and a part of the 
glass fibre strands is broken. This allows the nee- 35 
dling process to be tailored to control the average 
glass fibre length and the glass mat mobility. 

The properties of the glass mats are. important 
to the performance of the semi-finished composite 
sheet made thereof, in particular to the flowability ao 
of the semi-finished composite sheet and the sur- 
face aspect of the finished part with respect to the 
visibility of the glass fibres on the surface of the 
moulded part/The fibre ends protruding from the 
two major surfaces of each glass fibre strand mat 45 
are recognized to be a significant factor influencing 
the properties of the glass mat 

Such fibre ends protruding from the surface of 
the glass fibre strand mats are often referred to as 
"spikes". In general, the number of spikes on the 50 
surface of the glass mat can be increased by 
adjusting the puncturing frequency and/or the glass 
mat line speed .to increase the number of punc- 
tures per unit of surface area. The number of 
spikes on the surface of the glass mat can also be 55 
increased by using needles with an increased num- 
ber of barbs or by barbs of a different shape. 
However, the amount of fibre breakage also de- 



pends on other factors, such as the flexibility of the 
single filaments and the type of coating on the 
glass fibre strands. 

Needled glass fibre strand mats can be made 
by puncturing from one side or from two sides. In 
the latter case, a double-sided needling machine 
can be used, or the glass mats can be fed twice 
through a single-sided needling machine. If glass 
mats are made by needling from one side, as 
described e.g. in GB 20888282, one side of the 
glass mat will be relatively smooth, i.e. will contain 
only a low density of spikes, whereas the other 
side will contain a significantly higher density of 
spikes. When puncturing from top to bottom, the 
glass mat surface containing the high number of 
spikes will be the bottom side of the glass mat 
when needles with conventional barbs are use, or 
the top side of said glass mat when reverse barb 
needles are used. 

By applying single sided needling, reasonably 
good flowability and glass mat mobility, as well as 
sufficient disintegration of the glass fibre strands 
into single fibre filaments over the full thickness of 
the glass mat can be achieved by carefully op- 
timizing needling parameters, but a high puncturing 
depth must typically be chosen. As a conse- 
quence, the glass fibre ends protruding from one 
side of the glass mat will be very long, in particular 
at a high specific surface weight of the glass mat. 
This gives satisfactory results for a large number of 
applications, but allows only impregnation of said 
glass mats with the "long spikes surface" sides 
oriented towards the outside surface of the semi- 
finished composite sheet (GB 20888282), since non 
- symmetrically laminated semi-finished sheet ma- - 
terial has the tendency to delaminate when heated, 
due to the separating forces of the long spikes 
directed inside. 

Both long spikes surfaces oriented towards the 
outside surface of . the semi-finished composite 
sheet however, has the disadvantage that both 
surfaces are of rough appearance due to the long 
spikes. 

Furthermore, by one-side needling it is not 
possible to produce a glass mat with a homo- 
geneous mat structure and filament disintegration, 
as well as short spikes. 

An additional degree of freedom is obtained 
and more homogeneous glass fibre strand mats 
can be made by needling from both sides. The 
obvious method of using symmetrically needled 
glass mats is, described e.g. in EP 0319832. Sym- 
metrically needled glass fibre strand mats have the 
important disadvantage that the length of the 
spikes on both major surfaces of the mats cannot 
be controlled independently, so that again the flexi- 
bility to..meet special product requirements and the 
control of the properties of the semi-finished com- 
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posite sheet and the raoulded part made thereof is 
limited. 

For example if besfer flowability is desired, the 
tendency to d laminate will also be enhanced. 

It is therefore a subject of the present Invention 
to provide fibre reinforced semi-finished thermo- 
plastic sheet materlafe with controlled properties 
due to a tailored conftroi of the number and length 
of the fibre ends praftruding from both major sur- 
faces of each glass mat 

This subject is met by using as reinforcing 
elements asymmetrical double-side needled glass 
fibre mats. 

The major advancage of using double-side nee- 
dled, asymmetrical gfass mats, compared to single- 
side needled mats, is that a more homogeneous 
glass mat in terms of mat structure and disintegra- 
tion of strands into angle filaments can be made, 
with significantly increased freedom and full control 
over the number anc length of the spikes on each 
side of the mat 

The major advancage of using double-side nee- 
dled, asymmetrical rfass mats, compared to dou- 
ble-side needled, symmetrical mats, is that the 
length of the spikes on the glass mat surface can 
be controlled independently for each side of the 
glass mats, while maintaining essentially the same 
spikes density on bcrtfi sides of the glass mats. The 
length of the spikes and the spikes density can be 
chosen in such a way that impregnation of said 
glass mats can be done according to two different 
configurations as shewn by the figures. 

The figures show two different laminate build- 
ups. The main requirement is that the build up 
should be symmetrical to avoid processing difficul- 
ties, in particular rrcrHsotropic flow behavior and 
warpage of laminate bfianks. 

Advantages of trae two possible symmetrical 
arrangements depend on the requirements of a 
specific application and may also have an influence 
on the selection of fee best processing line (pre- 
heating facility). 

Figure 1 shows a semi-finished material ac- 
cording to the invention with the "long spikes sur- 
face * sides oriented towards the inside of the semi- 
finished composite srseet made of said glass mats. 
Shorter spikes on the outside provide resin rich 
surfaces in the blank load area of the moulded part, 
giving improved surface aspect. Short spikes on 
one side of a glass mat can be realized by apply- 
ing low puncturing cfiepth or by using needles with 
adjusted barb lo cati o n for one of the needling 
sides. One novel fra=ftnre of the invention is that 
overall needling requirements for realizing optimum 
glass mat properties in terms of mat integrity, 
controlled fibre breakage, glass mat mobility and 
compressibility, are tgrpically compensated by ap- 
plying a higher punctLjring depth on the other side 



of the glass mat, thus creating longer spikes cn 
that side of the glass mat 

Since the fibre mat is double-sided needled, 
the length of the long spikes is still smaller than 

5 those of a single-sided needled mat with about the 
same features, i.e. flowability. 

Therefore a semi-finished composite sheet ac- 
cording to the present invention has lower ten- 
dency to delaminate when heated than a single- 
to sided needled product of the same buitf-cp. 

It is especially suited for pre-heafing in an 
infra-red oven. 

This arrangement with short/short outwards ori- 
ented spikes provides for an improved surface as- 

T5 pect of the moulded part This property is difficult 
to quantify, but plays a decisive role to a growing 
category of applications. The logic behind it is that 
this method allows fine tuning to optimize the glass 
mat structure to have very short spikes (say ca. 1 

20 mm) on the heated blank surface, without having to 
compromise e.g. on the needling intensity of the 
mat. Short spikes on the heated blank surface 
contribute to preventing the presence of visible 
glass fibers on the moulded part surface. 

25 Such semi-finished material is especially suited 

for automotive interior trim parts and semi-struc- 
tural parts, which require high quality afcnost fibre 
free surfaces. 

Figure 2 shows a semi-finished material ac- 

30 cording to the invention with the "long spBces sur- 
face" sides oriented towards the outside of the 
semi-finished composite sheet made of said glass 
mats. Shorter spikes on the inside, in combination 
with longer spikes on the outside have proved to 

35 greatly improve flowability of the sens-finished 
composite sheet made of said glass mats. Shorter 
spikes on the inside import greatly improved com- 
posite sheet integrity during pre-heating above the 
melting point of the polymer matrix, in particular in 

40 circulating air ovens running at high temperatures 
and high air velocity. Longer spikes on the outside 
prevent fast cooling down after placing foe heated 
composite sheets in the mold. However, too leng 
spikes as they were often necessary to achieve the 

45 desired integrity of single-side neeefed mats, 
should be avoided to prevent overheating of the 
composite sheet surface during the pre-heating 
process. 

This arrangement with long/long outwards ori- 
50 ented spikes provides for improved flow moulding 
properties, say 10-20 % lower moulcfing pressure 
requirement to fill a given mould. This can be very 
significant for the moulder. 

Such a semi-finished product wffli long/lcng 
55 outwards oriented spikes is especially suitable for 
non-visible parts which require "easy tow* material 
to completely fill the mould due to complex geom- 
etry and/or very thin wall sections. 
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The number of glass fibre ends protruding from 
the glass mat surfac , also referred to as the 
spikes density, can be tailored to suit different 
application needs. Products covering a wide rang 
in terms of the number of spikes on both mat sides 
can be made within the criteria outlined in this 
invention, controlled by adjusting the needling con- 
ditions. 

Usual values of some parameters* are outlined 
below: 

Glass mat surface weight 

Typically between 200 and 1 500 g/m 2 . 
Spikes length: 

The reference level for the measurement of 
spikes length is, in practice, not easily defined. 
However, the following data may be considered to 
provide a useful indication: 

"long" : typically 6-8 mm (average) 

"short" : typically 1-4 mm 

minimum difference 3 mm (average) 

Spikes density: 

Again rather difficult to quantify. The spikes 
density is determined by the puncture density, 
whereby spikes "bundles" are formed, since the 
glass mats are made with glass fibre strands con- 
sisting of a larger number of single fibre filaments. 
Typical puncture density is between 20 and 40 
/cm 2 from each side (double sided needling), but 
up to 60 /cm 2 is also feasible. 

Glass mat properties: 

Glass mat tensile strength is generally used as 
an important characteristic to . define the suitability 
of a glass mat for use in GMT manufacturing and 
processing. As a rule of thumb, the objective is a 
compromise between handling requirements (min. 
10-15 N/100 mm) and the need for a high glass 
mat mobility, i.e. low mat tensile strength, during 
flow moulding. 

Typical values for a mat weight of 600 g/m 2 : 
10-40 N/100 mm, normally 20 N/100 mm. 

Suitable is for example a fibre reinforced sheet 
thermoplastic composite semi-finished material 
(GMT) comprising two mats of needled chopped 
glass fibre strands with the following characteris- 
tics: mat weight about 600 g/m 2 , sam spikes den- 
sity on both sides, average spikes length about 1-2 
mm on on side, about 6-8 mm on other side. 
Impregnated with polypropylene as the thermoplas- 
tic resin (1900 g/m 2 between the fibre-mats and 
500 g/m 2 on each surface) to result in a thickness 



of the semi-finished composite sheet of 3.7 mm 
with a glass content of 30 % by weight 

Although polypropylene is a preferred thermo- 
plastic resin, other thermoplastic resins such as 

s e.g. polyamides (PA), polyketones, polyethylen- 
terephthalate (PET), polybutyteneterephthalate 
(PBT) as well as blends thereof and/or with poly- 
propylene are suitable. 

If the "long spikes surface" sides of the glass 

70 mats are oriented inwards a resin rich, high quality 
surface is obtained. Such a semi-finished sheet 
materia] is particularly suited for pre-heating in an 
infrared oven. 

If the "long spikes surface" sides of the glass 

75 mats are oriented outwards a very good flowability 
is realized. Such a semi-finished sheet material is 
particularly suited for pre-heating in a circulating 
hot air oven. 

Such fibre reinforced thermoplastic semi-fin- 

20 ished sheet materials are suitable for automotive 
interior trim parts and semi-structural parts in var- 
ious industrial applications whereby the "long 
spikes surface" sides oriented inwards are prefer- 
ably used for application requiring high quality sur- 

25 face aspects and the "long spikes surface" sides 
oriented outwards are preferably used for complex 
parts or parts having very thin (< 2 mm) sections. 

Claims 

30 

1. Fibre reinforced sheet thermoplastic composite 
semi-finished material comprising at least two 
mats of needled continuous and/or chopped 
glass fibre strands, each of said mats to be 

35 needled from two sides in an asymmetrical 

way so that the number of fibre ends protrud- 
ing from the two major mat surfaces is prac- 
tically the same but the length of said fibre 
ends protruding from the first major surface is 

40 substantially longer than the length of the fibre 

ends protruding from the second opposite ma- 
jor surface. 

2. The fibre reinforced sheet thermoplastic com- 
45 posite semi-finished material according to 

claim 1, characterized in that the glass fibre 
mats have been needled in such a way that 
the average length of the fibre ends protruding 
from the surface on one side of the mat is less 
so than 2 mm, whereas the average length of the 

fibre ends protruding from the surface on the 
other side of the mat is greater than 6 mm, but 
less than 10 mm. 

55 3. The fibre reinforced sheet thermoplastic com- 
posite semi-finished material according to 
claim 1 or 2 t characterized in that the glass 
fibre mats are impregnated with thermoplastic 
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resin in such a way that the "long spikes 
surface" sides of the glass mats are oriented 
inwards. 

4. The fibre reinforced sheet thermoplastic com- 
posite semi-finished material according to 
claim 1 or 2, characterized in that the glass 
fibre mats are impregnated with thermoplastic 
resin in such a way that the "long spikes 
surface" sides of the glass mats are oriented 
outwards. 

5. The fibre reinforced sheet thermoplastic com- 
posite semi-finished material according to any- 
one of claims 1 to 4, characterized in that each 
of the glass fibre mats have a specific surface 
weight between 200 and 1500 g/m 2 . 

6. The fibre reinforced sheet thermoplastic com- 
posite semi-finished material according to any- 
one of claims 1 to 5 f characterized in that the 
thermoplastic resin is polypropylene. 

7. Method for the manufacturing of a fibre re- 
inforced sheet thermoplastic composite semi- 
finished material according to anyone of claims 
1 to 6, which comprises needling of the g^ass 
mats with a double sided needling machine, 
which performs needling from the top and from 
the bottom in one pass, and impregnating said 
mats with a thermoplastic resin. 

8. The method according to claim 7, character- 
ized in that the different lengths of the fibre 
ends protruding from the surface of the two 
sides of each glass mat are realized by apply- 
ing a different puncturing depth in the needfing 
from the top side and the bottom side. 

9- The method according to claim 7, character- 
ized in that the different lengths of the fibre 
ends protruding from the surface of the two 
sides of each glass mat are realized by using 
needles with differently positioned barbs for 
top- and bottom-side needling. 

10. Use of a fibre reinforced sheet thermoplastic 
composite semi-finished material according to 
anyone of claims 1 to 6 for the production of a 
finished material, characterized in that the ma- 
terial is preheated in an infrared oven and/or a 
circulating air oven. 

11. Use according to claim 10, characterized in 
that the material according to claim 3 is pre- 
heated in an infrared oven. 



12. Use according to claim 10, characterized in 
that the material according to claim 4 is pre- 
heated in a circulating air oven. 

5 13. Use of the fibre reinforced sheet thermoplastic 
composite according to anyone of claims 1 to 
6 for automotive interior trim parts and semi- 
structural parts which require high quality sur- 
face aspects. 

14. Use of the fibre reinforced sheet thermoplastic 
composite according to anyone of claims 1 to 
6 for non-visible parts which require "easy 
flow" material to completely fill the mould due 
75 to complex geometry and/or very thin wall sec- 

tions. 
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